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I. SUMMARY

A Statistical Experiment Simulator (STEXSIM) has been developed
which permits one to simulate on a digital computer a wide range of
experimental environments. As a device to aid in the teaching of
applied statistics, it provides a means for an instructor to define a
completely crossed factorial model with up to seven fixed or random !
main effects, three two-factor interactions, and one three-factor
interaction., A student designs an experiment which probes this model
in order to draw appropriate inferences. STEXSIM reads the design
and "conducts" the experiment he has specified providing the resultant
"observations'" which the student then analyzes.

STEXSIM performs as if it were an actual experimental setup but
does so very rapidly and cheaply. Accordingly a student can
experience for a number of problems the complete design- experiment-
analysis process., This coupling of design and analysis is rarely
achieved in a class in applied statistics. STEXSIM has the valuable
added benefit of the instructor, having defined explicitly the
experimental environment, being better able to interpret results to
his students because he knows the "true'" effects.

The STEXSIM model has been programmed in Fortram IV for the
CDC 6400 digital computer. Being in Fortran it can be run on nearly
any digital computer. This report discusses in detail the program
including input specifications and output interpretation. Sufficient
detail is presented to permit one to use the model himself. Further-
more the report describes the formulation, execution and analysis of
30 "student" experiments run using 7 different "instructor" models.




II. INTRODUCTION

A. OBJECTIVE

The teaching of applied statistics is generally characterized
by the student being first presented with an introduction to
theoretical considerations. To reinforce this understanding he is
then given sets of problems to solve using the methodology being
considered. Generally he is presented with sats of data which he is
asked to analyze using the appropriate statistical procedure. All
too often he 1s not even given the opportunity to select the
procedure, the choice being dictated by the nature of the topic
currently being covered. Furthermore he is not given the opportunity
to design the experiment which would generate the data which he
analyzes. At other times he is asked to design an experiment which,
if executed, would permit the making of specified inferences.
Unfortunately in this case he is usually denied the opportunity to
run the experiment he has designed. The problem with this approach
1s the lack of coupling of the design phase with the analysis phase.
The student 1is not faced with the complete task of firat deciding
how his data should be collected - what variables shouvld be
controlled, how many levels of each, how many observaticns, etc., -
and then having to analyze his own data once it has been gathered.
The reasons for this lack of integration are nct hard to find for
clearly the high cost and excessive time required to accomplish the
process of setting up and running actual experiments are generally
unacceptable for the usual class. It is recognized that students at
times do gain this experience on one problem in the course of a major
project or thegis endeavor. However, even in this case his experience
is generally limited to a single problem.

The problem is clear: How can the experiment step in the
design-experiment-analysis sequence be gshorted at an acceptable cost?
It has beeu the objective of thils research to search for a seclution
to this problem, It is the task of this report to describe the
success of the search,

The approach taken has been to explore and exploit the role of
the digital computer. Through the use of computer simulation,
experiments can be modeled in a computer language which then replaces
an analogous real-world situation.

Congider first the general role of simulation, Simulation has
been used for a variety of other modeling activities in which one
represents the esgence of a real-world system in the form of a
computer model. These include simulations of traffic systems,
queueing systems, production scheduling systems, hospital outpatient
systems, etc, The models are developed as computer programs which
are then executed on a digital computer. Because of the high
calculation speeds of the digital computer, it is possible to "mimic"
the actions of the real system using these models. ZExperiments which
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evaluate alternative system designs and/or decision parameters can be
conceived and tested in a relatively short period of time with neither
the cost nor the disruption that would be incurred if the real system
itself were used. The extensive literature in this area attests to
the success and acceptance of this approach. A number of university

Courses have been developed to teach simulation as an analysis/
synthesis technique.

However, there has been little utilization of simulation as a
pedagogical device; i.e., the use of simulation to aid in the teaching
of some other subject rather than being the subject of instruction
itself. The possible exception are management or business games.

However, games do not coutribute to the task of this research and are
not further considered.

The area in which the pedagogical possibilities of gimulation are
beginning to be exploited are in the production-inventory area as
illustrated for example by the simulator developed at Case Western
Reserve University (ref. 7 ) and the PROSIM simulated developed at
Auburn University (ref. 4 and 5 ). Students are presented with
symptoms and data rather than well defined problems. The simulator
is used by the students to diagnose the situation, formulate the
problem, construct appropriate models, organize raw data and develop
and experimentally test a solution. The purpose of the course in

which such a simulator is used is to teach production and inventory
control, not simulation.

This research has taken an approach similar in philosophy but
quite different in detail. A Statistical Experiment Simulator (STEXSIM)
has been developed which permits an instructor to structure a problem
environment and his students to examine this environment by means of
sampling experiments which the students themselves design.

The process is shown graphically in Figure 1. The experimental
environment is described to each student who then decides how he
wishes to design an experiment from which he can draw inferences about
the system being modeled. His design is entered in the form of
punched cards to the STEXSIM computer model along with another
punched card deck which defines the instructor's model. The student
then receives output from the model which represents data that he
would have received if he actually had run a real experiment. His
results are given to him as a computer listing showing the "obser-
vation" resulting for ecach of the samples he has specified. 1If
desired, the output is also prepared in punched card form which can
be directly entered as data into a standard analysis computer
routine from which he can draw the inferences he desires. Thus the
student is able to participate in both the design and the analysis
phases with STEXSIM providing the vital integrating role.

Furthermore, the model generating the student's data is
completely under the control of the instructor who can interpret to
the student the nature of his results. This complete knowledge of

B




Figure 1

Overview of Use of STEXSIM
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the "true" model is a feature never present in real world
experimentation and is therefore one of the more powerful features
of the STEXSIM approszch.

Because these experiments are accomplished in a very short
period of time and at low cost, the student can be involved in the
complete design-experiment-analysis process for a variety of problem
situations. Through this process, it is anticipated that there will
be improvement in both short term and long term retention of basic
concepts and understanding of various statistical methodologiles.

=i,

B
=%
=
e

HES

Bl A

~

e ———




Ll

»

B. THE MODEL

The STEXSIM computer model is designed to handle problems which
can be cast in the form of a completely crossed factorial model;
i.e., each level of one factor can be combined with all levels of
other factors. This pemmits use of the various analysis of variance
of cross-classification designs including such incomplete factorial
designs as Latin square, Graeco-Latin square and other fractional
designs. The reader is assumed to be familiar with this area of
experimental statistics as described for example in Johmnson and
Leone (ref. 3).

Up to seven main effects each at up to ten levels can be
included, Three of these main effects (5, 6 and 7) may interact
thus providing three possible two-factor interactions (5-6, 5-7 and
6-7) and one three-factor intevaction (5-6-7). The non-interacting
factors (1, 2, 3 and 4) generally serve the role of blocking factors
whose effects are to be removed from the residual error but which
are not of interest, per se, to the experimenter. However, there
is no reason why any of these four cannot be factors of principle
interest.

To produce a single observation, these main effects and inter-
actions combine in a way depending on the instructor's model and
student's experimental design, The instructor specifies his additive
model while the student elects to use all or part of this model and
specifies how the treatment levels of the various active factors are
to be combined to generate an observation.

For purpose of understanding the approach, consider the basic
additive model {f there were only two active factors, A and B.

yy = nt Ai + Bj + ABiJ + €

where = overall mean
A1 = incremental effect of ith level of factor A
Bj a 1incremental effect of jth level of factor B

ABij = 1incremental effect of interaction of A and B
corresponding to level 1 of A and j of B

€1 = residual error associated with the Ith observation

Y, = 1lth observation of dependent variable y.

Certain commonly made assumptions underlie the philosophy of the
STEXSIM model. 1If a factor is fixed the sum of the incremental
effects for that factor must sum to zero. If, for example, factor
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A is fixed

A =0
alt 1 1

If the experiment werc repeated the same effects would be present
since these are the only levels of interest.

On the other hand, if a factor is a random one, the various
level effects entering a particular experiment are mutually
independent random variables each selected from a normal distribution
with expected value zero and variance o0“. If the experiment were
repeated a new set of effects would be present. For a particular
experiment, once selected the effects do not change. If for
example B were a random factor, the B;y's would be assumed to be
random variables selected from a normal distribution with mean zero
and variance c% . However

B, #0
alt § 3

for the particular experiment since these are merely samples from a
larger population,

Similarly for the two factor interaction, if both A and B are
fixed factors, the incremental interaction effects do not change
from experiment to experiment and

3 Y AB,, = 0.
all 1i,j 1]

On the other hand if either or both of the factors are random, the
incremental effects are assumed mutually independent random variables
selected from a normal distribution with mean zero and variance CiB*

To each observation is added a term representing the residual
error €] associated with the lth observation. It accounts for the
variability not otherwise accounted for by main effects and their
interact!ons. Each is assumed to be a selection of a mutually
independeng normally distributed random variable with mean zero and
variance O¢

While the assumptions of whether a factor is fixed or random
has a significant effect on the analysis of an experiment, as far as
STEXSIM is concerned, the only difference is in the manner in which
the incremental effects are determined. STEXSIM'S role is to
generate "observations" each of which is comprised of the additive
effects described above. When generating an observation STEXSIM
needs to know only the incremental effect of each level of each
active factor and interaction, but at that time is indifferent as
to the source of those effects. These were defined earlier in the
execution of the experiment in one of two way. If factor is fixed,
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the incremental effects are defined explicitly by the instructor

for each active level. If it is random the instructor specifies
instead the standard deviation of the normal distribution (mean zero)
from which incremental effects are sampled. This selection is done
once per experiment remaining constant throughout that experiment
once selected,

Similarly the incremental effects of an interaction of two or
three factors all of which are fixed are specified explicitly by
the instructor. If any of the factors are random, the instructor
specifies instead the standard deviation of the normal distribution
from which the selection is made.

Note carefully that the specification of incremental effects
is the most significant feature of the STEXSIM approach. In "real
world" experimentation these effects are not subject to the
selection of anyone but rather are inherently present to be
estimated and interpreted but not to be manipulated. 1In STEXSIM
howevaer they are all fully under the control of the instructor,

Consider now the full capability of STEXSIM., As described
earlier an instructor can specify as active up to seven main effects
(1,2,...,7) each of up to 10 levels (not necessarily the same for
each factor). Furthermore two-factor interactions 5-6, 5-7 and 6-7
will be assumed present if both factors of the pair are active.
Similarly the 5-6-7 three-way interaction will be active if these
three factors are each active, IRach of the seven factors declared
as active muat be further declared as fixed or random. If fixed
the specific incremental treatment effects must be specified for all
levels; if random, the standard deviation for the normal distribution
from which the effects are to be sampled must be given. For the
active interactioms, specific incremental effects must be given if
fixed; a standard deviation, if random or mixed.

In addition the instructor specifies the overall mean and the
standard deviation of the normal distribution from which the residual
error 18 to be selected.

A student specifies which factors he wishes to include and the
treatment level of each comprising each observation. Each observa-
tion is r.omputed from the additive model:

y, * overall mean

+ ¥ (effects of specified level of each active main effect)
4+ ¥ (effects of any active two factor interaction)

8 (contribution from cthree factor interaction if active)

+€1

13




r

In the event that a student has ignored a factor that actually
is active, STEKSTM will pencrate random salections of levels of that
factor for cach obscrvation of the student. This eccurs for example
when a student ignores a blocking factor thereby confounding that
factor's effect with the error term. The student would observe an
inflated error term. This is analogous to what happens in actual
experimentation when an important factor is omitted from a design.

Once an experiment has been "run," STEXSIM transfers control to
a report generator routine which provides extensive output to the

student and his instructor describing the experiment that has been
completed.
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C. EW _OF REPORT

Section III describes in detail the STEXSIM model including the
functions of various computer subroutines, how to input information
to the model and how to interpret the output generated by the model.
Section IV presents a demonstration of the use of STEXSIM for seven
different "instructor" models and a total of 30 "student'" experimental
designs using these models. The results of these experiments are
analyzed and discussed., Section V provides a summary of conclusions
for this project and points the way towards the future research
presently being planned.

The appendices contain a listing of the STEXSIM computer
program plus detailed input and output for each of the experiments
and results of the analyses of variance.

R L




I1I. DESCRIPTION OF STEXSIM MODEL

€iddn

A, MODEL DESIGN

The basic STEXSIM model is composed of a main program MONITOR 1
which calls on any of six subroutines and two functionms in the course '
of executing each student's experimental design. The entire model is
written in the Fortran IV programming language for execution on the
CDC 6400 computer at the State University of New York at Buffalo.

1t is the objective of this section to describe in general for
each of the several routines, its function, the conditions under which
it is called and the information communicated to and returned from
the routine.Appendix A summarizes the definition of each key variable
while Appendix B provides a complete Fortran IV program listing. Flow
charts are provided for MONITOR and each subroutine.

1. Main Program MONITOR

a., Purpose: MONITOR provides overall control of the execution
of STEXSIM. It causes an instructor's model to be read
followed by the specified number of student "experiments."
For each such experiment a variety of experiment definition
tasks are accomplished after which the requisite number of
observations are generated for transmission to the OUTPUT
program. All input to any phase of STEXSIM is via MONITOR.
Similarly, any subroutine is called only by MONITOR, never
any other subroutine., Therefore MONITOR i3 central to the
sequence of execution of STEXSIM.

b. Input:
From punched cards: See input specifications in Section IIIB.

c. Outgut:

Since all subroutines are called by MONITOR, see the input
specifications for each such subroutine,

d. Procedure: The general sequence of activity is that the
instructor's model is read in (the contents for which are
specified in Section ILIB) followed by a set of student
experiments (contents also specified in Section IIIB).
Depending on the nature of the experiments, subroutines
LEVSEL, RTRT, RINTER may be called. TRADJ will then be
called for each experiment. Finally for each observation
requested AMEAN will be called to create the deterministic
component of the observation. Once the experiment has been

>




executed the results are punched and printed by subroutine
OUTPUT. When the last student's experiment has been
completed, a new instructor model, if any, is read.

Figure 2 shows a flow chart of the logic flow in MONITOR
while the program can be found in Appendix B .

2. Subroutine TRADJ

a. Purpose: Subroutine TRADJ is called by MONITOR exactly once
for each student experiment. When a student requests for a
fixed factor a fewer number of levels than provided by the
instructor, an adjustment is made of the overall mean and
various treatment effects in order to insure a zero sum of
the "true" effects of the treatments included by the
student. This in no way affects the value of the dependent :
variable, y, that is generated but ir provided to the !
instructor in his detalled output solely in order that he :
might have information as to the exact values of mean and ;
treatment effects being estimated by the student.

b. Iaput:
By argument: FMU

by common: TACT(7) ,IFLAG(7),LI(7),LS(7),A1(7,10),
LEV(I,K),BI(3,10,10),CI(10,10,10)

c. Output:
By argument: TIOUT,FMSS
By common: As(7,10),8s(3,10,10),Cs(10,10,10)

d. Procedure: The general logic is described in the flow chart
of Figure 3 . An adjustment of the overall mean and incre-
mental main factor treatment effects .s made when the factor
is fixed and the student requests fewer levels than provided
by the instructor. Similarly for the possible two factor
interactions an adjustment is made when both factors
entering the interaction are fixed and active and the student
requests for one or both a number of levels less than
provided by the imstructor. In like manner an adjustment is
made for the three factor interaction if required. If for
any fixed active factor the student maximum level (LS(I))
exceeds the instructor level (LI(I)), the variable IOUT is
set equal to 2 and an etrror return occurs. Upon return to
MONITOR this will cause the termination of the execution of
the particular student experiment in which it occurred.

3. Subroutine LEVSEL

a. Purpose: Subroutine LEVSEL is called by MONITOR whenever a

12
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Figure 3

Subroutince TRADJ
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factor (fixed or random), specified by the instructor as
active, is declared inactive by the student. For each
observation of the student the subroutine will assign for 3
each such factor a level selected randomly from the ’
interval 1 to the number of levels specified by the
instructor. This sclection will not be known to the student
but will be printed for the instructor. As whenever an
experimenter fails to include in his design a relevant
factor, this selection will not be measurable by the student

but rather contributes to the residual mean square in his
analysis.

¥, f,

.

b. Input:
By argument: J,NRUN

By common: LI(7),LEV(7,10)

c. Qutput:

By argument: none
By common: 1w (200,7),LEV(7,10),LS(7)

d. Procedure: TFor factor J for which the subroutine is entered
an equally probable random selection is made from the set of
integer values, 1,2,,,.,LI(J). This selection made once
for each of the NRUN observations requested by the student
is entered into IW(200,7) which contains the treatment levels
for each of 7 main effects for each of the NRUN (s 200)
observations. An error message is printed if for some reason
a level selection is not successful; the level is set at 10
and execution continues, The seed number for the random
number generator used in this subroutine is defined within
and used exclusively for this subroutine. Figure &
contains a flow chart for this subroutine.

4, Subroutine RTRT

a. Purpose: For every main factor declared random by the
instructor, subroutine RTRT is called by MONITOR to select
the treatment effects which are used in the student's
experiment. These effects remain constant for the duration
of a student's experiment. A new student's experiment
will, however, receive a new (and presumably different)
selection of treatment effects. The standard deviation of
the normal distribution from which the selection is made is
specified in the instructor's model. Subroutine RTRT is
entered whether or not the student has declared the factor

active. In the latter case LEVSEL would have first been
entered, )

15




Figure 4
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Ingut:

By argument: J

L VR

By coumon: LI(7),STD(J),FLIM(11,2)

Output:

By argument: mnone
By common: A1(7,10)

Procedure: One selection is made for each of the LI(J)
active levels of factor J. Each selection is made randomly
from a normal distribution with mean zero and standard
deviation, STD(J). Any sample nnt within the minimum and
maximum specified by the instructor (KLIM(J,l1) and KLIM(J,2))
is rejected and another selection made. In the event that an
acceptable sample is not genmerated in 1000 trials an error
message is printed and execution returned to MONITOR. The
seed number for the random number generator used in RTIRT is
defined within and used exclusively for this subroutine.
Figure 5 contains a flow chart for this routine.

5. Subroutine RINYER

a,

»

Purpose: Subroutine RINTER is called by MONITOR for each
active two factor interaction (5-6,5-7,6-7) and the three
factor interaction (5-6-7) if any of the factors are random,
i.e., it is entered for mixed and random models, Its
function is identical to that of RTRT except the number of
treatment effects selected equals the product of the number
of levels of cach factor involved in the particular inter-
action.

Input:

By argument: K

By commcn: LI(7),STD(J),FLIM(11,2)

Qutput:

By argument: mnone

By common: BI(3,10,10),C1(10,10,10)

Procedure: K determines the interaction being considered.
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Figure 5
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6.

7.

interaction

5-6
5-7
-1
-0=7

—_c o |I”
v o

For the two factor interaction I-J(X=8,9,10),LI(I)*LI(J)
selections are made from a normal distribution with mean
zero and standard deviation STD(K). For the three factor
interaction (X=11),LI(5)*LI(6)*LI(7) selections are made
from a normal distribution with STD(1l). As in RTIRT a
selection is rejected if it does not fall within the range
specified by the instructor (KLIM(K,l) to KLIM(K,2)). The
seed number for the random number generator used In RINTER
is defined within and used exclusively for this subroutine.
The flow chart for this subroutine can be found in

Figure 6 .

Subroutine AMEAN

d.

C.

Purpose: Subroutine AMEAN is called by MONITOR once for each

of the NRUN obsarvations requested by the student. This
routine generates the portion of each dependent variable

before the error component is added. It adds to the overall

mean the specific treatment effects for the levels of each

factor that comprise each observation (specified by student

or generated in LEVSEL).

Input:

By argument: L(observation index),FMU

By common: IACT(7) ,1W(200,7),A1(7,10),B1(3,10,10),
€1(10,10,10)
Qutput:

By argument: FMS
By common: none

Procedure: This subroutine proceeds by first setting FMS
equal to the overall mean, FMU, and then adding to it the
appropriate incremental treatment effects of each active
main effect factor and active interaction. The flow chart
is shown in Figure 7 .

Subroutine OUTPUT

a.

Purpose: Subroutine OUTPUT is called by MONITOR after all
requested observations are generated in order to print out
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b.

results and, if requested, to punch out a card deck of
experimental results,

Input:
By argument: NST,NRUN,FMU,FMSS

By common:  PUNSW,YD(200),IW1(200,7),NAME(80),ISW,
IW(200,7),TACT(7),IFLAG(7),LI(7),INCLD(?),
KEY(7),LS(7),LEV(7,10) ,AL(7,10),BI(3,10,10),
CI(10,10,10),SIGMA,AS(7,10)

Output: (not including punched and printed output)
By argument: none
By common: none

Procedure: No calculations are made in this subroutine.
Rather it is devoted exclusively to the punching and printing
of results for a single student's experiment. Punching is
controlled by the first data card of the instructor's model.
If it contained the word PUNCH, punching is accomplished; if
any other alphanumeric quantity, punching is bypassed. The
punched deck with one card per observation can be used by
the student as data input to a computer analysis routine.
One section is printed to be given to the student showing
for each requested observation, the factor levels requested
and the resultant dependent variable. Levels selected by
LEVSEL for active factors ignored by student are not shown.
A gsecond section is printed for the instructor listing the
same information prepared for the student plus extensive
information for the instructor as to various model
conditions entering into the generation of the student's
observations including factors selected by LEVSEL, treatment
effects for active fixed and random factors, etc., The
output format is described in detall in Section IIIC. A flow
chart of this subroutine is in Figure 8 .

8. Function FNORM

a,

Purpose: Function FNORM provides a single random selection

from a normal distribution with mean zero and standard
deviation SIGMA utilizing as the seed variable NSEED. It

is called for each observation by MONITOR in order :to provide
the residual error component, It is also called by RTRT and
RINTER to provide selections of treatment effacts for random
factors and random and mixed interactions.
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b.

C.

Input:
By argument: SIGMA,NSEED

By common: none

Output:

By function name: FNORM

By argument: NSEED

By common: none

Procedure: The method used for the generation of normal
variates is that attributed to Box and Muller (ref. 1),

No flow chart is required. The program is listed however
in Appendix B .

9. Function RND:

a.

cC.

Purpose: Function RND provides a sample from a distribution
uniformly distributed on the interval 0 to 1.0. It is
called whenever a random number is required either directly
(as in LEVSEL) or for transformation to another variate of
interest (as FNORM).

Input:

By argument: NSEED

By common: none

Qutput:

By function name: RND

By argument: NSEED

By common: none

Procedure: The method used is the commonly used multi-

plicative congruential methnd (as discussed for example in
Naylar et al, ref. 6 ). NSEED is multiplied by a constant

to provide an integer value which is then scaled by 2~ 8 in
order to provide a value in the unit interval. The integer
result of this multiplication becomes the new value of
NSEED which is returned to the calling routine. In this way
independent random number streams can be provided to each of
any number of calling routines.
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CAUTION: This routine is machine dependent as are all pseudo
random number generators in use today. This particular

routine was developed by the principle investigator for the

CDC 6400 computer at the State University of New York at
Buffalo., Hence it will operate satisfactorily only on this
machine which, although having 60 bit word, is effectively a

48 bit one because of the manner in which fixed point
multiplications are accomplished. Therefore, this routine

must be replaced by one appropriate for the local implementation

of STEXSIM,
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B. INPUT SPECIFICATIONS

Input to STEXSIM includes a set of cards (Set A) provided by the
instructor to define the statistical model and to specify certain
other run defining variables. This set is followed by one set (Set B)
for each student's experimental design to be run utilizing the :
statistical model of Set A. Up to 99 student designs can be run §
sequentially for a given model. Any number of models may be stacked
to run sequentially. Each Set A will be followed by as many (< 99)
student designs (Set B) as desired. Any model of up to 7 fixed or
random factors each with up to 10 levels may be defined in card Set A,
The STEXSIM computer model itself need never be altered; all changes
are made via data cards. Reference to the sample input listing in
Appendix C should help clarify the specifications below.

1. PUNCH CONTROL

Bl b s aretic] g i ek P

To provide control over the punching of output the first data k
card must contain either of the following words commencing in card
column 1

PUNCH
NO PUNCH

In the case of PUNCH, each student's output will be provided in punched
card as well as printed form. If NO PUNCH, only printed output will

be provided. An appropriate message is printed on the output sheets :
so that the student will know whether or not he should expect punched !
output. A single punch control card controls punching for the entire , o
run of STEXSIM, i.e. it cannot be changed from one model te another H
executed in a single computer run.

2, INSTRUCTOR SET A

For each model, the instructor provides the following set of
cards in the order presented.

Card 1 - Model definition card

There must be exactly one card type 1 containing the following
informtion.

a. Columns 1 to 7 specify which factors are active.

Column Factor

SNV DWW
SNV PN
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In each column a

1 denotes an active factor and a
2 denotes an inactive factor.

These are read with 7I1 format into IACT(I),I=1,7.

b.

Columns 8 to 14 specify whether each factor is fixed or
random,

Column Factor
8
9
10
11
12
13
14

SNV W N

In each columm enter a

1 1if the corresponding factor is fixed

2

if it is random or if it is not active.

These are read under 7I1 format into IFLAG(I),I=1,7.

C.

Columns 15 to 28 specify the number of levels of each of the
active factors. Each factor can have a maximum of 10 levels.

Columns Factor
15-16
17-18
19-20
21-22
23-24
25-26
27-28

NP WN e

The integer number of levels should be right justified within the
appropriate two column field. For inactive factors blanks or any
numeric quantity may be specified.

These are read in 712 format into LI(I),I=1,7.

d.

€.

In columns 29 to 38 the overall mean is entered. This
quantity is read into variable FMU using an F10.4 format.
If the decimal point is punched in the card, the field may
fall anywhere within columns 29 to 38. Otherwise the F10.4
format must be strictly adhered to.

Card columns 39-40 specify how many student designs (Sets B)
follow this Set A. The quantity must be integer and right
justified. (It is read with I2 format into NSTUD).

The information on this card defines which of card types 3
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through 8 will next be read.

Card type 2 - Fixed main effect

There will be one card type 3 for each active main effect factor
which is fixed. These cards sre arranged in increasing order of
factor index I (I = 1,2,..,7). Within a card, the incremental effects
for that factor are entered in 10F8.4 format.

Columms Effects for level
1-8
9-16

17-24
25-32
33-40
41-48
49-56
57-64
65-72
73-80

OQWVWONOWUIWNM

-

If the decimal point is punched, entries may be anywhere within the
appropriate 8 column field. Otherwise, the F8.4 format must be
strictly adhered to.

These are read into AI(I,J),J=1,LI(I)

Statistical theory requires

LI(I)
z AI(1,J) = 0 for all I
J=1

Card type 3 - Fixed two factor interaction

There will be one set of cards type 3 for each interaction of two

fixed main effect factors. Since Factors 5, 6 and 7 are the only
factors which may interact, the only two factor interactions possible
are 5-6, 5-7 and 6-7, STEXSIM will read sets of type 4 cards whenever
both main effects of each of these three possibilities is active. Even
if one of these interaction effects is not desired, if the two factors
(5, 6 or 7) making it up are active, type 4 cards will be read in

which case zeroes must be entered.

For interaction I,J (I1,J=5,6,7;I£J) provide one card for each level of
factor I. On each card enter in 10F8.4 format the incremental effects
corresponding to each of the levels of factor J. Hence, there will be
LI(I) cards each with LI(J) entries for interaction I,J.

This is repeated for each of the interactions 5-6, 5-7, and 6-7 in
that order when active. Note that the summation over levels of I for
a particular level of J must equal one as must the summation over
levels of J for a particular level of 1I.

Rl ~:28




This data is read into BI(IC,LB,LA),L4=1,LI(J);L3=1,LI(I)
where

Card type 4 - Fixed three factor interaction

There will be at most one fixed three factor interaction which occurs
only when factors 5, 6 and 7 are each active and fixed. Each entry on
the data cards is the incremental effect corresponding to each
combination of levels of factors 5, 6 and 7. There must be one card
for each combination of levels of factors 5 and 6. Letting L; denote
level of factor 5 and Lg levels of factor 6, these cards ar2 in order
of Lg indexing within index Ls (i.e. 1-1, 1-2, 1-3, 2-1, 2-2 etc.).
There will be LI(5)*LI(6) data cards each containing LI(7) entries,
Each such entry represents the increment effect corresponding to the
Ly'th effect of factor 7, Lg'th of 5 and Lg'th of 6. This data must
be in F8.4 format.

This data is read into CI(L1,L2,L3),L3=1,LI(7)
Ll1=1,L1(5) and
L2=1,11(0).

Statistical theory requires zero summation over any index of CI for
each combination of all levels of the other two.

STEXSIM will read LI(5)*LI(6) data cards.

Card type 5 - Random main effect

There will be one card type 5 for each random main effect I,
I=l,...,7. Each contains three quantities.

Columm Content
1-8 FLIM(I,1)
9-16 FL.IM(I,2)

17-24 STD(I)

read in 3F8.4 format.

STD(I) is the standard deviation corresponding to factor I. These
are used at the time of selecting the set of treatment effects for a
particular student's experimental design. The effects, for as many
levels as requested by the student, are selected trom a normal
distribution with expected value zero and standard deviation STD(1).

FLIM(I,1) is the lowest allowable value of each treatment effect for
factor I while FLIM(I,2) is the upper limit. Any selection from the
normal distribution which does not fall within these inclusive limits
is discarded, This provides a means for preventing extreme values from
contaminating an experiment.
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These cards are to be in order of index T (1,2,...,7).

Card type 6 - Random or mixed two factor interaction

One card must be provided for each active two factor interaction
where both factors are random (random model) or where one is fixed
and one random (mixed model), The content and format is identi

to that of card type 5; namely

Columm Content
1-8 FLIM(I, 1)
9-16 . FLIM(I,2)

17-24 STD(I)

recad in 3F8.4 format where

I =8 if factor 5 and 6 both active and at lecast ome is random
I - 9 1 11) 5 11 7 1" 1" " 1" ”" ”" " "
'I = 10 " [ 6 11} 7 1" 1 ” 1" [ 1) n " [ }]

These cards, if present, are to be in the above order.

Card type 7 - Random or mixed three factor interaction

There will be exactly one card of type 7 if and only if factors 5, 6
and 7 are all active and at least one is random. The format is
identical to carxd types 5 and 6 with I=11.

Card 8 ~ Error definition card

There must be exactly one card type 8.

a, In column 1-8 in F8.4 format the error standard deviation
(SIGMA) is punched. 1In arriving at a particular observation
requested by a student, to the sum of various incremental
additive effects (main and interaction), there is added a
variate selected from & normal distribution with mean zero
and standard deviation, SIGMA.

b. Column 9-16 contain the seed number for the r.ndom number
generator which generates the error deviates. This quantity
is read into NSEED. Since it is read in I10 format this
quantity should be right justified.

The occurrence of this card denotes the end of the set of
cards defining the instructor's model (Set A). Following
this are NSTUD sets of Set B defining each student's
experimental design.
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3. STUDENT SET B

cabone ot 4

Each student's cxperimental design is comprised of the following

Sl

cards.

Card 1 - Identification

The first card of each student Set B is an identification card. All
information in columns 1-80 is printed on the output reports and is
punched in the corresponding punched output deck to provide identifi-
cation information. Exactly one card must be provided.

Card 2 - Design definition card

There will be exactly one card type 2 defining the nature of the
student's design.

a. Columns 1 to 7 specify which factors are active.

Column Factor

NG PN
NN P W N

In each column a

1 denotes a factor included in the student's design
2 denotes a factor that is not included.

These are read with 7Il format into INCLD(I),I=1,7.

b. Columns 8 to 14 specify whether the student deems each main
effect ractor active or random.

Column Factor
8
9
10
11
12
13
T4

Enter in each column a
1 if the corresponding factor is considered fixed
2 if the factor is assumed random or if it is not active.

These are read in 7I1 format into KEY(I),I=1,7. Note that this
variable is used solely to print out the student's assumption but
does not affect the execution of the model in any way.

SNOY U SS W N
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c. Enter right justified in columns 15-19 the number of
observations which are requested. This is read in I4
format into variable NRUN. NRUN must not exceed 200.

Card type 3 - Factor level definition

There will be one card for each main effect factor actively entering
the student's design. There is one card for each factor used by the i
student whether or not that factor is defined by the iInstructor as
active. These are to be ordered in sequence of increasing factor
identification I,I=1,7.

Column 1-2 contains (in I2 format) the number of levels of the
corresponding factor I which is read into LS(I). The next LS(I) two
digit columns contain the identification of each of these LS(I)
levels. This defines the levels which will be encountered on the
observation definition cards (type 4). These entries must be right
justified.

bbby

Column Identification of level
3-4
5-6
7-8
9-10

11-12
13-14
15-16
17-18
19-20
21-22

OO BRI WNLWN

—

Only the first LS(I) levels should be defined.
These are read into LEV(I,J),J=1,LS(I).

If student specifies more levels than does the instructor

(I1.S(I) > LI(I)) and if the instructor defines factor I as fixed, an
error will be generated and the execution of this student's design
will be aborted.

Card type 4 - Observation definition card

There must be NRUN (specified on card 2) observation definition cards.
Each card defines for each observation the levels of each of the
factors deemed active by the student,

Column Levels for factor
1-2 1
3-4 2
5-6 3
7-8 4
9-10 5
11-12 6
13-14 7
32
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These are read in 712 format (and hence must be right justified)

<L

“b

into variable

Wi g

IWi(L,X) for 1I=1,7 and
L=1,NRUN

IW1(L,I) < LS(I)

One observation of the dependent variable is generated by STEXSIM

for each observation requested by a defianition card., These
observations are generated from the levels of the independent
variables (factors) requested on that card. These cards should be

in the sequence in which the student wishes to obtain his
observations. This is the point at which randomization should enter.

There must be exactly NRUN type 4 cards,

. tnamte
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C. OUTPUT INTERPRETATION

Upon completion of execution of each student Yexperiment"
STEXSIM produces two sets of output, one set for the student and
one for his instructor.

l. OUTPUT FOR STUDENT

The student is provided with a printout showing for each
observation he has requested the levels of each of the factors he has
declared active (this is taken directly from the student's input
deck) and the resultant observation generated by STEXSIM. His output
sheet will be headed by a label containing the information in the
student's identification card (card 1). Appendix Dl contains a
typical such listing. This listing includes explanatory comments.

In this case the error variance is set equal to zero so that one can
observe the additive nature of the model.

If requested by the instructor's PUNCH control card, the same
information is provided in punched card form. The statement PUNCHED
OUTPUT SPECIFIED at the end of the printed output will alert the
student to the existence of a punched deck. This deck is headed by
one card containing the identification card contents and a second
with a sequence number., Each experimental observation is on a single
card in the following format.

Col (‘ontent Format
1-10 observation F10.4
11-14 level for factor 1 14
15-18 1] " ] 2 14
19-22 " " " 3 14
23-26 " n "4 14
27-30 " " " 5 14
31-34 " " " 6 T4
35-38 " " " 7 14

These cards can be arranged in any desired order to satisfy
input Specifications for any analysis routine that might be used
to conduct the final analysis of variance of this data.

it should be noted that the student obtains information only
as to the levels used of factors he has defined as active. Levels
generated by LEVSEL for ignored active factors are given only to
the instructor.

2. OUTPUT FOR_INSTRUCTOR

The instructor 1is provided with an identical copy of the
information provided to the student. 1In addition he receives
extensive additional information as to the exact model undeclying
the experimental results generated for the student. A typical such
output annoted with explanatory comments is included as Appendix D2,
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In the event that the student has ignored an active factor, a
second listing provides the instructor with complete knowledge of
which levels of each factor enter in the calculation of each
observation including those selected by LEVSEL.

Next for each of the 7 factors the instructor's definition as to
which are active; if active, whether fixed or random and the number
of levels is printed, This is followed by the comparable information
from the student's design. The student's specification of fixed/
random in no way affects the execution of STEXSIM but is provided

merely for information for the instructor.

Following these, the overall mean as specified by the
instructor is printed along with a "student value" which is the
overall mean corrected (by TRADJ) for treatment levels of fixed
factors which have not been used. This would be the "true" value

being estimated by the particular student.

The incremental treatment effects for active main factors and
all active interactions are printaed next. For fixed main effects or
fixed interactions these are the specific valuea entered by the
instructor and would be the gsame for any student using the
particular model. However, for random main effects or random or
mixed interactions these are the results of the random selection
made in RTRT or RINTER. While they remain constant for the duration
of the student's experiment, a new selection is made for the

experiment of the next student.

The standard deviation for the residual error component is next
printed, Tt is followad by a listing of the adjusted treatment
effects for cach of rhe seven main factors. These will differ from
the values specified by the instructor if a student has used fewer
levels of a fixed active factor than are provided by the instructor.
This ..djustment (accomplished in TRADJ) is compensated in the
"student value" of the overall mean printed earlier.

The purpose of this added information for the instructor i1s to
agsist him in interpreting to the student the model underlying the
generation of the observations he receives. This is the type of
information never available in real world experimentation and is,
therefore, one of the most valuable aspects of the STEXSIM approach

to teaching experimental statistics.
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IV. EXPERIMENTAL USE OF SIMULATOR

A. DESCRIPTION OF EXPERIMENTS

Tn order to test the model and demonstrate its versatility, 7
different "instructor" models have been formulated. These have been
tested by running several "student'" experimental designs for each
instructor model. A total of 30 experiments have been executed.
These are identified in this sectiom. The input for each imnstructor
model and student design are listed in Appendix E along with the
STEXSIM results for each and an analysis of variance run on the
resultant generated data in Appendices E and F respectively.

1. MODEL 1: To test a non-interacting two factor fixed model, factor
1 is active, fixed with 5 levels while factor 2 is active, fixed
with 4 levels.

a. EXPERIMENT 1A: The student specifies the same model as the
instructor with one observation per cell for a total of 20
observations.

b, EXPERIMENT 1B: The student agein matches the instructor's
model but with 40 observations in order to show how
replication improves thc power of design by providing ad-
ditional residual degrecs of freedom (40 observations).

c¢. EXPERIMENT 1C: This experiment is the same as 1B except
three observations per cell are requested (60 observations).

d. EXPERIMENT 1D: 1In this design the student requests 5 levels
of factor 1 but uses 4 levels of factor 3 (which is inactive)
and ignores active factor 2. STEXSIM will generate random
gelection of levels of factor 2. There is one observation
per cell (20 observations).

e. EXPERIMENT 1E: The student in this design specifies three
levels of factor 1, 2 and 3 to demonstrate that he may specify
fewer levels than instructor. TFactor 3 will not contribute.
One observation per cell is requested (27 observatioms).

f. EXPERIMENT 1F: Factors 1 and 2 are ignored completely while
4 levels are requested of factors 5 und 6. STEXSIM will
randomly select levels of factors 1 and 2 for each
observation (16 observations).

2. MODEL 2: Instructor model 2 provides a test of a fixed two factor
interacting experimental situation, Factor 5 is fixed with 6

levels while factor 6 is fixcd at 4 levels, All other factors are
inactive.
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3.

a. [IXPERIMENT 2A: The student specifies the same model as the
instructor with one observation per cell (24 observations).

b. EXPERIMENT 2B: Same as experiment 2A except two observatioms

per cell in order to make a direct main effects test (48
observations),

¢c. [EXPERIMENT 2C: Same experiment as 2A except three
observations per cell (22 observations).

d. EXPERIMENT ZD: Same as 2A except four observatioms per cell
to demonstrate improved power of design which has more
replications (96 observations),

e. EXPERIMENT 2E: Student jgnores factor 6 while using only &4
levels of factor 5. Student runs a one-way design with
five observations per treatment. STEXSIM generates levels
of factor 6 (20 observations),

MODEL 3: Model 3 demonstrates the role of blocking in reducing
the error means square in order to improve the precision of the
test. To accomplish this model 2 is used with the addition of
blocking factor 1 being entered as a random factor.

a. EXPERIMENT 3A: The student ignores factor 1 (blocking
factor) using two observations per cell of each of the 24
treatment combinations of 6 levels of factor 5 and 4 of
factor 6 (48 observations),

b, EXPERIMENT 38: 1In this designr, blocking factor 1 is
utilized at two levels, There is one observation per each
of the 48 cells (2 x 24) which is equivalent to partitioning
the two observations per cell of experiment 3A into one
from level 1 and one from level 2 of factor 1 (48
observations).

MODEL 4: This model provides a test of STEXSIM in simulating a
fixed three factor interaction experimental situation. Each of
factors 5, 6 and 7 is fixed at 3 levels each. Interactions 5-6,
5-7, 6-7 and 5-6-7 are each defined.

a, EXPERIMENT 4A: The student's design matches the instructor's
model with one observation per cell. The three factor
interaction nust be assumed zero since it cannot be separated
from the error mean square (27 observations).

b, EXPERIMENT 4B: This experiment also matches the instructor's
model but utilizes two observations per cell. The presence
of three factor interaction can now be tested since
replication provides a separate error measure (54
observations).
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¢. EXPERIMENT 4C: The student in this design assumes factor
1 (at 2 levels), 6 (at 3) and 7 (at 3) rather than 5, 6 and
7 active. There are two observations per treatment
combination (36 observations).

d. EXPERIMENT 4D: Factors 5, 6 and 7 are each considered
active but only two levels of each are utilized, three
observations per cell (24 observations).

e. EXPERIMENT 4E: The student calls factor 5 random and 6 and
7 fixed to show that it is the instructor's specification
of random/fixed, not the student's which affects the mamner
in which STEXSIM generates data, 2 observations per cell
(54 observationms),

f. EXPERIMENT 4F: Same as experiment 4D except one observation
per cell (27 observations).

5. MODEL 5: Instructor model 5 tests a two factor random interacting
model, Factor 5 is active at 5 levels and factor 7 at 4 levels,
Both factors are random.

a. EXPERIMENT 5A: The student matches the instructor's model
with one observation pcr cell (20 observations).

b. EXPERIMENT 5B: Same as experiment 5A but with two
observations per cell (40 obgervations),

¢, EXPERIMENT 5C: 1In this design the student ignores factors
5 and 7 using instead factors 1 (at 5 levels) and 3 (at 4
levels) with two observations per cell (40 observations),

d. EXPERIMENT 5D: The student calls factor 5 fixed and 7
random. He uses 3 levels of factor 5 and 3 of 7 with two
observations per cell (18 observations).

e. EXPERIMENT 5E: 1In this experiment the student ignores
factor 7 and uses only 4 levels of factor 5 with &
observations of each Level (20 observations).

6. MODEL 6: A three factor interacting mixed model is tested by
specifying factors 5 and 7 as fixed at 3 levels each and factor 6
random, 4180 at 3 levels. Two factor and three factor interactions
are all specified.

a, EXPERIMENT 6A: The student's design matches the instructor's
model with two observations per cell (54 observations),

b. EXPERIMENT 6B: The student calls all factors random each at
three levels with two observations per cell (54 observations).
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Model 7 provides a demonstration of the effect of
Blocking factor

7. MODEL 7:
blocking in accounting for sources of variationm.
1, 2 and 3 are defined as random while factors 5 and 6 each at

3 levels are fixed and interacting are the factors of interest.
In this experiment the student ignores the

EXPERIMENT 7A:
blocking tactors specifying 8 observations per cell of the

a.
factor 5 by tactor 6 complete factorial model (72

observations)
Blocking factor 1| is considered at 2 levels

b. LEXPERIMENT 78:
with 4 observations per cell (72 observations).
Blocking factors 1 and 2 are each considered

c. EXPERIMENT 7C:
(2 levels each) with 2 observations per cell (72 observations).

All three blocking factors, each at two

c. EXPERIMENT 7D:
levels are included in the design with one observation per

cell (72 observations).
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B, STEXSIM RESULTS

Each of the 30 experiments described in the previous section
have been executed by the STEXSIM model. The input in Appendix E
when run produced the results in Appendix F. 1In order to conserve
gpace only the student output is shown, For each, however, the
instructor output described in Section ITIIC was provided. Sufficient
input detail is shown in Appendix E to permit one to replicate each
of these experiments. It is important to note, however, that because
of different random number generators on different computers the
specific results would be differcnt as indeed they are with the
SUNY/Buffalo computer when a different seed number is used.

The purpose of each of thesc 30 experiments was to test
different conditions under which STEXSIM might be required to
function. In each case STEXSIM accomplished specifically what it
was designed to accomplish thus demonstrating its ability to cope
with the wide range of problems for which it might be required to
function,
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C. ANALYSIS OF RESULTS

The role of STEXSIM was completed by the generation of the
results described in the previous section; i.e. the generation of !
"data" from the 30 different experiments. However, for the sake of
completeness and to demonstrate the full sequence of activities in

the use of the simulator, an analysis of variance was rum for each
of the 30 experiments.

The program used for the analysis was BMDO2V, Analysis of
Variance for Factorial Design - developed at the Health Sciences
Computing Facility, UCLA. It is documented in reference 2 . The
input to BMDO2V for each experiment was the punched card deck
provided by STEXSIM. The deck, as is the usual case, had to be
sorted into the sequence required by the analysis program. This
activity is exactly that which would be followed by an actual
student using STEXSIM.

The Analysis of Variance Table for each experiment is included
in Appendix G. Hence, even if one did not wish to use the simulator
this report provides at least the data for 30 different complete
factorial problems with the appropriate analysis which he could use
for student problems, text examples, etc.

Careful review of these analyses reveals in several instances
results which are counter intuitive, where significance was
expected it was not found while where it should not be present it
did indeed appear. This should not be considered a weakness of the .
STEXSIM model and its approach but rather is a reflection of the
sensitivity of the model's performance to certain key input
parameters., One of the factors surely is the random number
generator itself. Many systems simulation studies have witnessed the
contributory effect of this generator to the variability of response
variables. The others are the various values of treatment and
interaction effects and the magnitude of the error variance. In
additioa the natural variability inherent in any experiment creates
unanticipated results at times simply because of the type I and
type II statistical error. The magnitude of unanticipated results
exceeds that which would normally be expected.

Research is currently under way to examine carefully the
effect of various parameters on model response. The basic model

used for this study is STEXSIM exactly as described in this report,
Let us consider briefly the results of each analysis.

1. Model 1: The results of experiment 1A are as would be
anticipated with both active main effc ts shown to be
statistically significant at the .01 level. The level of
significance is surprisingly high however. 1In experiments 1B
and 1C, however, ir «utu:h the experiment of 1A is replicated
twice and three ti:¢: .espectively, the observed error variance
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("within replicates") 18 unusually high causing significance

of factor 2 only in experiment B and no significance in 1C.

1D produced anticipated results with no significance as the
result of the residual variance being inflated by the omission
of active factor 2 from the design. Reasonable results were
obtained in 1E with the finding of significance for the active
factors and not for the extraneous factor 3 which was inactive.
A spurious interaction appeared when it should not have been
present., 1F produced as anticipated no significance of the two
factors included in the design since both were inactive factors.

Model 2: Experiment 2A produced reasonable results with both
main effects being significant. However in 2B, 2C and 2D in
which 2A is replicated 2, 3 and 4 times respectively,
surprisingly, no significance was found primarily because of an
excessively large error variance estimate. This result is
comparable to that of 1B and 1C and is the subject of current
investigation. 2E however performed as expected with signifi-
cance of the only active factor included in the design observed
by the contribution to error of the ignored other active
factor.

Model 3: The two experiments using model 3 gave precisely the
predicted results. In 3A the blocking factor is ignored thereby
preventing the experimenter from observing the significance of
the two active factors of interest. 1In 3B, on the other hand,
the blocking factor 1s included in the design thereby reducing
dramatically the residual variance. Both main effects of
interest and theilr interaction were found to be highly
significant.

Model 4: In experiment 4A significance was found for each of
the three main effects. However, no significance was observed
for their two way interactions primarily because the three
factor interaction is confounded with the error and hence
provides an error estimate that is inflated. In 4B where it had
been anticipated that the three factor interaction could be
separately tested, the error variance is excessively large so
that all tests for gsignificance were negative except factor

C which has the greatest effect on the model. The inflated
error of 4B 1s the same phenomenon observed in 1B, 1C, 2B, 2C
and 2D in which replication occurred. Experiment 2C gave
reasoneble results except for a very high level of significance
found for factor 1 which in fact was declared to be imactive.
4D yielded disappointing resulis primarily because of an
inflated error term (3 replicates in this experiment). 4E with
replication gives inadequate results although 4F without
replication provides a significant result for all active
factors with the exception of the 5-6-7 interaction which
cannot be separated from the error.

Model 5: Model 5 gives a test of a two factor random interacting
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model. Experiment 5A without replication provided a significant
test for factor 5 but not for 6. Since a random model, the

fact that the two way interaction is confounded with error is of
no significance. Factor 6 while active in the model has omly
minor effect so that its lack of significance is not surprising.
5B, however, with replication surprisingly failed to show
significance for any factor or interaction. In 5C the student
ignores the active factors and includes two factors which are
inactive. As would be anticipated, no significance was found.
5D w#ith replication showed no significance of any factor.
Ignoring one of the active factors in SE precluded a significance
test on the other factor included in the experiment as would be
expected.

6. Model 6: 1In both 6A and 6B which are identical except for that
in 6B the student declares all three factors fixed when in fact
factor 6 is random, the student finds that the 5-6 interaction is
significant in 6A whereas in 6B, although the 5-6 interaction is
significant, he fails to detect it because of his improper model.
No other factors are found significant.

7. Model 7: Model 7 behaved exactly as predicted. 1In 7A none of
the three blocking factors are included in the design thereby
obscuring the test on the two factors of interest (5 and 6).
Similarly in 7B with one blocking factor included, the main
effects 5 and 6 and their interaction still are not found to be
significant. Two blocking factors are included in 7C which
provides a significant test on main effects 5 and 6 but not on
their interaction. 7D on the other hand yields significance for
factors 5, 6 and their interaction as well as significance for
the three blocking factors (although their test is not a matter
of interest). 1In proceeding from 7A, 7B, 7C to 7D the residual
variance is decreased each time as would be expected. In 7D
nearly all the total variance is accounted for.

The results of the analysics of this set of 30 experiments leads
to the conclusion that in general the results of the analysis of
variance were as anticipated with the major exception that with
replication the error variance in nearly all cases unexpectedly
increased dramatically thereby obscuring most tests of significance.
This phenomenon is currently being investigated. Further, there is
an apparent relationship between the predictability of results and
the magnitude of the error variance component. These are lisced for
reference in Table I . The fact that Models 3, 5, 6, and 7 seemed
to behave best (except for the replication problem) leads to the
tentative conclusion that the smaller the variance the better the
results, This is a reasonable conclusion for as the contribution of
the error variance approaches or exceeds that of a main effect, the
two are likely to become confounded. This phenomenon is also being
investigated further,
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Actual Error Standard Deviation

Model

N oo e

Table I
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0.750
1.250
0.005
0.250
0.150
0.001
0.010
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V. CONCLUSIONS AND RECOMMENDATIONS

The Statistical Experiment Simulator (STEXSIM) has been
designed, developed and tested. This report has described these §
aspects of the model in sufficient detail as to permit someone else :
to utilizc the model for his own usc. |

The model was conceived originally as a teaching device in
which the capabilities of the digital computer are exploited to permit
the integration of the design and analysis phases of statistical
training. It has been structured to permit an instructor to specify
a statistical model which then generates "experimental" results for
each student according to the student's experimental design. In
nearly all ways it is for the student an experience analogous to
collecting actual data in a real world experiment with two major
benefits not attainable in real world experimentation. TFirst, he
can run an experiment quickly and at negligible cost thereby
permitting many design experiences. Sccondly, his instructor has
complete knowledge of the underlying additive model which has
generated the student's data. This is invaluable in irterpreting
results but is never available in real world experimentation.

While highly successful in accomplishing this original design
goal, a number of other secondary benefits have become evident as
the model development has evolved. Foremost among these is the role
of STEXSIM as a demonstration device. An instructor in a course in
experimental design could use the model to demonstrate certain
concepts he might be covering without the student actually having to
submit a design of his own. Experiment 7 is a good example of how
an instructor might demonstrate the role of blocking in improving
the power of a design. Beyond its demonstration role STEXSIM is
already establishing a place as a research tool and as a generator
of standard '"text book' problems.

To test the STEXSTM model scven "instructor'" models have been
Formulated cach of which has been uded to geneorate data for from
two to six "student" experimental designs., In total 30 different
experiments have been run and analyzed in order to test as many
aspects of STEXSIM as possible. These have each been described in
previous sections. Each of these experiments were complete
factorial designs with equal cell sizes, This was done so as to
utilize a particular analysis routine. However, there is nothing
inherent in STEXSIM which requires the use of a completely balanced
design. STEXSIM generates an "observation" for a single specification
of various treatment combinations to be controlled for that
observation. Therefore the flexibility o’ STEXSIM permits any
experiment which has an underiying factorial model., It can be used
for fractional designs, Latin Squares, Graeco-Latin Squares, etc.
Furthermore it can aid in the study of the handling of unequal cell
sizes or missing observations.

The analysis of these 30 experiments pointed out certain
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problems in the selection of paramcter values to be used in the
model. These center primarily on the relationship of the magnitude
of the error variance to the magnitude of incremental treatuent
effects. Difficulties were particularly evident in replicated
designs in which treatment effects are becoming confounded with the
error term. The problem quite clearly is with parameter selection
and not with the STEXSIM model. Accordingly, research is currently
underway on paramater selection.

el

B

Further research is recommended and is currently planned to
extend the STEXSIM model to handle unequal variances, non-normality
and other designs for which a different model structure is needed
as nested designs for example. In addition it is planned to add a
time dependent factor which will contribute an effect to an
observation proportional to place of that observation in the sequence
of samples in an experiment. This will permit the explicit
inclusion of the effect of randomization. If a student failed to
randomize,this time dependent effect (with proper parameter vaiues)
will be confounded with a possible main effect perhaps giving a
false indication of significance of that main effect. With
randomization the time factor can be confounded with the error.
With blocking and randomizavion he should be able to remove it from
error and mnin effect thereby providing a correct test for
significance.

The concept of STEXSIM is supportive of the manner in which
experimental statistics is taught in an applied discipline (as
engineering, psychology, education, for example). In these areas a
student generally gains understanding of concepts primarily through
experience, both personal and vicariously through demonstration. He
also learns appropriate theory but yet there remains the philosophy
of learning by doing. This is contrasted to the learning of
statistics from a theoretical point of view in which understanding
of concapts arises through mathematical processes rather than
experience, Both forms of teaching are appropriate but it should be
recognized that they each utilize different methodologles for
different audiences. STEXSIM's role is clearly in the area of
applied statistics.

The tarm Computcr Aided Instruction (CAI) has evolved primarily
in the area of programmed instruction., It is belicved that the b

approach of STEXSIM is a new and powerful form of CATI and one which
should be exploited.
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RULE T

VARIABLE DEFINITION

1. First defined in instructor input section of MONITOR

IACT(T) = 1 1if factor I is active in model
2 if factor I is inactive

|

IFLAG(I) 1 if factor I is fixed in model

2 1if factor I is random or not used

LI(I) number of active levels of factor I

i

FMU overall mean

NSTUD = number of students for whom input designs
(Set B) are provided

A1(1,J)

i

additive incremental effect of Jth level of
factor 1

BI(IC,L3,L4): matrix of incremental 2 way interaction effects
of interaction IC where t |

1 for interaction 5-6 ! .
2 " " 5«7 _ ]
3 " " 6-7

L3 = levels of first factor -
14 = " " second factor

IC =

CI(L1l,L2,L3): matrix of incremental 3 way (5-6-7) interaction
effects

level of factor 5
level of factor 6
level of factor 7

Ll
L2
L3

W nn

IN(K) 1 if interaction K is active and has a random component |

0 1if interaction K is inactive or if active is fixed

where K = 8 refers to 5-6 interaction
= 9 " " 5.7 "

10 " " 6-7 "

11 " " 5.6-7 "

NST

]

identification of student currently being
processed
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FLIM(I,1) = lower limit on random effect for factor I

FLIM(I R 2) = upper " " " " " " "
STD(I) = gtandard dcviation of random effects component
for factor 1 (effect selected from
N(0,STD(1) <)
where 1 l,...,7 for main effects I

= 8 for 5-6 interaction

= 9 " 5.7 "
=10 " 6-7 "
=11 " 5-6-7 "
SIGMA = standard deviation of errcr component (error

selected from N(O,SIGMAZ)
NSEED = random number generator seed
PUNSW = contents of first three colummns of punch
control card (PUN for punching, anything else for
no punching)
2, First defined in student input section of MONITOR

NAME stores alphanumeric contents of student's ; (
identification card

INCLD(I) = 1 1if factor I is deemed active by student \
2 v nn " not active by student .
KEY (1) = 1 1if factor I is assumed fixed by student -
2 " 1 mnon e random 1" "
NRUN = number of observations requested by student
LS(I) = number of different levels of factor I used
by student
LEV(I,L) = Jidentification of Lth level of factor I
(L < 18(1))
IWL(L,T) = level of factor I included in observation
request L

= 0 1f factor is not deemed active by student

IW(L,T)

i

level of factor 1 used to generate observation
L (includes model generated levels when student
fails to use all active factors in addition to
IWl(I,J)

= 0 1f factor is not active nor deemed active by
student

50

55 ¢ )




IA(T) il factor 1 {4 fixed active factor used by
student
2 if factor T is fixed active factor not used
by student
3 if factor T is random active factor used by
student
il factor T is random active factor not used
by student
5 1if factor I is not an active factor

;\

ISW: a printing control switch

0 if student does not ignore any active factor
1 if student has ignored any active factor

YD(L) = Lth observation of dependent variable

3. TFirst defined in TRADJ

FMSS: adjusted mean equal to FMU compensated for
student not requesting all levels of each fixed
factor

AS(1,J): similar to AI(I,J) except adjusted for any levels

of fixed factor I which are not included in
student's design

BS(IC,L3,L4): similar to BI(IC,L3,L4) except adjusted for any
levels of fixed two interacting factors not ’
included in student's design

cS(L1,L2,L3): similar to CI(L1l,L2,L3) except adjusted for any ~d
levels of fixed three interacting factors not
included in student's design

I0UT = 1 4if no errors encountered

2 if 1S(I) > LI(I) for any fixed main effect
I (to abort execution of student's model)

ADELTA(I) : adjustment needed for each level of main
effect I

BDELTA(1J)

adjustment needed for each cell of following
two factor interactions

IJ=1 5-6
2 5=-7
3 6-7

hwo

CDELTA

adjustment needed for each treatment combination
of 5-6~7 three way interaction
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4, First defined in subroutine AMEAN

FMS = observation of dependent variable before
error has been added

All other variables are defined and aused locally within the various
subroutincs,
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PPTEY TY

s

- PROGRAM MONITCP (INFUY,CUTFLT,FLMCF,TAPE7=FUNCH,TA955=INPUT$

COMMONZINTGRZ TACT(7) H1fLAGHD) JLI(7) L ISH,IN(11),INCLT AT,
COMMON/ZRIELS AL(74,10) o BIC310,10) pCYI(10410,4) Wy AS(7,10),
10501y 10) ’(;5(10910p10) ,FLIV(li,?,gSTC(li),ACELTA(?’,

| 2HOCLTA (3) 4CORLTA ,OUT (10,1u) ,Y¥Y{200),YULZ00) ;PUNSH, SIGMA
| ¢ INSTRUCTOR INPUT CATA SECTICN! STATEMENTS 101-117

-«

c READ SWITCH TG CONTRCL FUNCFING
READ 105, PUNSH
- 105 FOKMAT (A3)
9999 CONTINUE

1« 1SH=0
"o ¢ READ IACT,IFLAG,LI TABLES AMC GENERAL MEAN
27 READ 1004 CTACT (J),JEds7) 9 (TFLAGIIYpd2157) 5 (LICU) 9 J=1,7),FFU,NSTLE
: _ 1061 FORMAT (711,711,712,F1044,12)
C - 1F (EOF ,5) 550,551 y

-

550 GALL EXIT
591 CONTINUE
- ¢ REAC AIyB1,CI TABLES
DO H0C I=1,7
00 400 2=1,140
- L90 ATI(Iy4)=0.0
DO 401 I=1,10
D0 404 J=1,10
:.. DO w01 K=21,3
¢ 401 BI(KyI Y3y
- DO w02 I=i,10
V. D0 42 J=31,10
: DD K02 K=i,1]
402 C[(IQJ’K)=UQQ
- G FTRST READ AL TABLEleE. yMAIN ¢ FFECTS
DO 108 Lat,?
’ LL=IACT(L)
- GO TO (103,102,012
. 103 K=1rFLAGLL)
B GN T0 (213,112) 9K
- 213 M= I(L)
READ 1\0‘0;(AI(L)J),J=1,M,
tul FORMAT (LUFAGL)
- 102 COMYLNUE
PRINT 100’(IQUT(J),J=1,7)Q(IFIAG(J)pJ=1,7),‘L!(J),J=1’7),FPU,NSTUC
106 FORMAT (LHLy7 L1, T14971E,11044,1)

- C REAC BT TARLE, ToEey TWC WAY INTERACTIONS
0N 1106 Li25,0
N=l1+}

- DG 110 L2sily/

IS TACTILAI*IACH (L2)
PRINT 99, LisL2y JACT(L1),TACT(L2),1S
ag FORMAT(SL5)
IFC1S=2) 141,110,110
111 IF CIFLAG(L 1) otike 10 CFIMLIGEL2) 4 RELL) GC TC 310

(. TEeLL*L2-39)Luh, 107,204
P 106 1C sl
60 TO 109




vhA

XY

\ )

N\

107

108
169

141
119

112

113

114

116

115
117

315

306
307

308
3309

310

210

Ic:2

G 10 11949

1€ :2

ML Ll (LL)

MAELT LSS

GO 120 L3=1,M1

FRINT 99, L1,L2,IACT(LL),TACT(LZY, IS, H1,M2
FOFMAT(TTIAR)

REALC 104, (ST{IC,)L35LU) LL=1,M2)

CONTINUE

CONTINUE

READ CI TABLS 3 TeEey THREE WAY INTERACTION
IF(IACTU(S)*TACTU(E)*IACT (7)=2)112,114,114
IFCIFLAGUSY*IFLAG(E)*IFLAG(F) oNESL) GO TO 114
NL=LI(S)

N2=LI(8&)

N3I=LI(?)

00 113 Li1=1,N1

DO 113 L2=1,N2

READ 164, (CI(L1,L250L3),0L2=1,4NY)

CONTINUE

FEALD FANOOM SFFECTS FACTIGR CATA

DG 147 J=1,47

K=TACT (J)

GO TO (116,117),K

K=IFLAGLY)

GO TO €117,145),K

FEAD 104, (FLIMCJ K) ,K=21,2),STC(J)

CONTINUE

00 315 K=8,11

IN(K)=0

READ TWO WAY INTERACTIGN IF EITHER FACTOR IS RANDCM
CO0 3L L1=5,6 :

N=L1¢1

DO 210 L2=N,7?

TEAIACTILLI*IACT (L2YWNEW1) GC TC 313
IFCIFLAG(L1) oECQe Lo AMNCSIFLAGILEZ) JEGL1) GO 10 310
IF(LL*L2-35) 3.L6,207,308

1C0=8

6o TO 309

16 =9

GO 70 339

1C=10

IN{IC) =L

READ 1oLy (FLIMUICIK) 4K=1,2),STCLICO)
CONTINUE )

PFLAL TERRES HAY VARLIANMCE CCMFCOMNENT _
IFCIACT(O) *TAnT (L) TACT(72Y=2) 312,314,451 h
IPCIFLASUODI*TIFLAG () *IFLAGCTY JEC. 1) GO TO 214
AL L0by, (FLIMNILY ,K}4Kﬂ112)05TC(11)
THLL) =t s

CONTINUE pd

PEAC 12045 64N MSELT

FORMAT (FB844L48)

STUCENT gkfg INPLT SECTICN
y
1) 8997937 21, N3TLD

REUAD 240, (HA4E (L) 121,80)
FOSMAT (8DA1)

CATAD 201 CINALOCGU) 3J21,7) 5 (REY () 9J21,7) ,NRUN
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FORMAT (711,711,15)

INPUT FUMGEP LEVELe ANC ACTLAL LEVELS FOR FACYCRS LSED
DO 202 K=4,?

ISa INCLO(K)

GO TG (204,202),18

PEAD 203y My (LEVIyJ)yd=1, N)

LS (K) =N

FORMAT (12,10I2)

CONTINUE

INPUT SET OF EXPER., CCNC4 FCR CESERVATIONS

READ 205'((IHI(I’J))»J:i’?)pI“-l,NRUN,
FORMAT ¢ ?1I2)
00 223 T=1)NRUN
0Q 123 Jai,7
1F (INLCI,J)EQ 0) INL (I ,u) =0
CONTINUE
CONSTRUCT IACJ) TABLE FROGM STLDENT DAYTA .
00 £ J=g,7
~=IACT (J)
GO TO (293) 4L
IA(J)=5
€O TU &
LalFLAGL L)
GO TO {4,5),L
TACU) =INCLDCY)
GO 10 4
JAC) 226 INGLD (Y)
CONTINUS
GENERATE ONITTCO CATS, CCRSTRLCT ASyNS,CS TABLES
00 20 Mt 1,200
L0 2n M2 1,7
IWiMLyM2) .2 0
CONTINUE
00 10 Jdmi,7?
Ki=IA(W)
00 15 I=1,NFUN
INCIZ D) =TINLLT,J)
GO TO (6,7,8,9,10),K1
FIXEN, ACTIvE FACTOR USEL B8Y STLUDENT
GO TO 10
FIXFD, ACTIVE FACTOR, NCT USEL nY STULENT
CALL LEVSEL (JyNRLN)
ISHay
G0 T0 10
RANOOMy ACTIVE FACTCR USEL EY ' TLLENT
AEHERATE TREATMENT EFFECTS FGF FACYCR U
ratL RTRT (D)
1 70 10
RANOOM, AGT(VE FACICR NCT USEL BY STLLENT
CALL LEVSEL (J4NRUN)
ISW=y
CALL RIRT(J)
GO TO 10
CONTINUE
GENERATE LFFUCTS FOR INTLRACTIONS IF RANDCH QR MIXEC MCOEL
DO B0 K=4d,1d

HE )

JdF LIN(K) oNEWL) GO TO 510

CALL RINTERIK)
CONTINUE

[
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’ CALL TRAJJCIOUT, FrU,FIMSS)
: GO 10 (118,999), 1uLT
.. A}
] ¢ COMPUIE ZMPERICAL CpoTa FCR EXFEFIMENT
Y 118 00 11 L=1,NRUN ?

CALL AMZAN(L,FMU,Fpc)
YD(L)tFHi;FNORH(SIGPA,ASEEU)
€ 11 CONTIMUE
CALL wuTPuT ¢ HETH,MRLULFMU,FMSS)
959 CONTINUE
Yo GO TQ %999
END

SUBROUTINE TRADJ(IQLT,FPU:FHSS)

o a

COMMGN/INTGRY IACT(?) ~IFLAG(?) LIt 915",1N(11),1NCLC(7),

1KEY(?).,LEV(7910’ sLSUt?7) ,Ih1(200,7),15(7 ) ,IN(ZOU,?’,NAHE(BO)
g COMMON /REELY AT(7,10) 1y2I1(351(,40) .61(10,10,10) 1#5(?,10’,
155(3,10910) ,CS(iC,iG!id) ,FLIH(ij,Z,,STU(il),ADELTA(?), . A
2BDELTA(3) »CIELTA yCLT(1L,10) ,7(103),70(200’,PUBSH,SIGHﬂ

Prreiil vyl

MO10¢ I=1,7
D0 104 J=1,1J
‘e 100 AS(I,J)=300
00 101 I=1,1)
) 00 1u1 J=1,1)
i 00 11 K=1,3
T 101 BS(K,I,0)=0,9
w FMSS=FMy
I0UT=}

’

h DO 102 I=1,14

.f> 00 102 J=1,10

: DO 102 K:1,1)

v . 102 CSUI40,K)=9,9)

€

; c ABJUST MATN ZFFECT TREATMENTS -
001 I=1,7 1

e IF(IACT(I)‘IFLAG(I)*Z) 291,1
¢ IFULTI(D)«LS(I)) Iyl t
3 PRINTA,IT
IoUT=2
8 FORMAT(* FACTOR *3I0y% NCe LEVELS LSED IS 100 HIGK*)
GO Tu |
b ADELTA(LI=0,49)
N=L {(])
00 7 K=1,M
AS(I,K)=AL(1,K)
7 CONTINUS
GO T0 1
6 N=LS(D)
FN=1y
SUH=UQU
* 006 K=31,N .
KLi=LEV{L,¥)
9 CUI-SUP AT (T, K1)
. 6 CoteTInus
ADELTACL)=SUq/FN

LY
*
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FMNS= FMSS ¢ ARELTA(D)
U0 9 K=1,N

KL= LEV T, K)
ASCL,K)2ATICIyK1)~ADELTAL])
CONTINUE
CONTINUE
GO TO (20,62),10L1

ADJUST 2«WAY INTERACTION TERNS

0 24 I1=25,6
IT=11+1

CO 21 I231l,7
IF(TIL*12~35) 33, 3u4,3¢
IJd=1

60 TO g2
IJ=2

GO T0 22
I4=3
IFCIACTLIAI#TACT(I2)*IFLAGITI1)*IFLAG(I2) ~2} 23,21,21
I3=LI(11)-LS(I)

IF(I3) 24,25,25

N1=LS(I1)

IF(LI(I2)=LS(I2)) 27,28,29
PRINT8 12

IoUTa2

G0 TO 2%

PRINT8,1¢

IOUT=2

60 TO 26

IF(L3) 21,36,29

N2=LS(I2)

00 3u Ki=21,N}

DO 30 x2=1,N2
BOELTA(TU) 20,0
HS(IJ,KioKZ)!nI‘Idgklpkz)
CONT INUE

cu 10 21

N2=LS{12)

SUMTOOQ

FHTNLYN2

DO 21 Kiz=i,y4N3

00 31 K2=1,N2

K3=LUV{IL,K1)

KusLEVIT2yK2)
SUM=SUMEBT(IJ, K3, Kk4)

CONT [NUE

NOCLTAC(LJY) =SUMZFN

FMSS = FMSS ¢ BLELTA(IY)
Q0 32 Ki=1,Nt

NN d2 Kesxi,N2

K LEVIIL, K1)

KL .1 viIeg,Kk2)

B I KLy K2)IDTETY, KA KU)=BLELTA(TY)
AT ENUE

ConNTINUE

G0 (40,62), I0UT

AVJUST ZayaY INTERACTIONS
oo
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41
42

43
NS
L4
h
L7

48
49

€0
51

52

54
53

55

56
€2

I2=,

13=7
IC=I£LT(I£)’IACT(I?)‘IﬂCT(I?)
IB=IFL£G(11)‘IFLAC({Z)‘IFLAE(I3)
IFCIC*13-) +1462,02
IFCLICIL)Y=-LS(ILY)) 42,433,404
PRINT a,Il

IoUT=2

GC T0 &2

IAaQu=1

GO TO 45

IAD J=2

GO TO 45

IV Lty =510 hegbd 4
MUENT Ayt

Loy

GO 10 ©?

IADJ=2

GO TO 48
IF(LI(I3)-LS(I3))QQ,EI,EL
PRINT 8,13

Iout=2 .

GO T0 &2

IADJY=2

NL:LS(Ii)

Ne=LS(I2)

N3=LS(I3)

GO0 To (52,53),1A04
COELTA=0,0

DO 54 I=1,N1

D0 54 U=1,N2

DO 4 K=1,N2
CS(I,J,K)=CI(I’J,K)
CONTINLE

G0 1O @2

FN=N1*N2¥N3

SUM=40,1

B3 %% Kki:l,41

T[S B VI SO SRS

bt i e 4 e
RIS B AR RS

KE= Ly (rr, w2y

Kh=LEV(I 3,K3)
SUM=SUM+CI(KQ,KS,K&)
CONTYINUE

COELTA=SUM/FN

FUSS = FI1iS ¢ CCELTA

DO 6 Ri=1,H)

00 %6 ¥ -1 4N2

00 56 x3:=1,N3

K=l EV(T1,K1)
KS=LEV(T.},K2)
KS2LEY (I 3,K3)
CS(Kl,K?,K})=CI(Rh,KS,K£)~CCELTA
CONTTNUE

RETURN

END

SUBROUTINE LIVRLL (yyNRUN)

R el
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° COMMON/INTGRZ TACT(?) ,IFLACATY ,LI(7) ,ISH,INC11),INCLE(TY,
LKEY(7) JLEVCT,30) oLS7) oIw1(200,7) »JA(7 ) »IW(200,7) yNAME (80) . g
OTMENSION ISEL(10),FR(10) -
DATA LSEED/9399/
N C CLEAR USE COUNTER
N0 1 K31,13
° 1 ISCLAK) =Y
C FORM CUMULATLVE DISTRIEUTICN
KLIM=LI(J)
. FACT=140/FLOAT (KLIM)
DO 2 K=, KLIN
2 FR(K)=FACT*FLOAT (K)
° DO 3 L=1,NRUN
C MAKE SELECTION
XR=RND (LSEED)
- DO 10 LEVEL=%,1( | :
IF (XReLE+FRILEVEL)) GC TO 2¢ :
< 10 GONTINLE )
e PRINT' 100
100 FORMAT (1X,*FAILURE TC MAKE SELECTICN IN LEVSEL*)
LEVEL = 10 .
‘e 20 IN(L,J) = LEVEL
3 ISEL(LEVEL) =2
NLEV=0
- 00 30 Kal, 10
I18ISELIK)
60 T0 (30,31),I1
- 31 NLEVENLIV+1
LEV (Jy NLEV) =K
30 CONTINUE ,

- LS(N=NLEV

, RE TURN

‘ . END

) - -y
- SUBROUTINE PTRT(J)

COMMON/ZINTGR/ IACTC7) ZVHFLAG(Z) HLI(7) 2ISW,INC11)Y,INCLD(?);
- IKEYAT) HLEV(?,10) HLSU7Y HIR10100,7),IA(7 ) 41W(:00,7)
COMMON/REGCL/ AT(T7,10) ,E1(3,14,10) ,CI(10,10,1M ,AS(7,10),
185(3513,10) H»CSC10,20,20) HFLINM(11,2),STCHLL) LATELTA(T),
- 2R0ELTA(3) HCOELTA ,OUT(1G,16) ,YL100),YD(Z00) yFUNSH)SIGMA

DATA LSEEN/Z14117
- KL1€J)
§T28T0 (J)
LOW=FLIMq{J, 1)
- HIGH-FLIM(J,2)
U0 1 L=,k
DO 2 IT=1,Ln0n
-~ LF = FNORM (37,LSEEL)
IF(EF LT LNWLORPJEFWGTLHIGIIEEC TC 2
¢n 10 A4
CONTINUE
PRINT 1041,J *
104 FORMAT (% FAILURE T0 SELLCT [RANDONM FACTOR IN RTRT FCR J=%,15)
Ri; TURN
AT LI, L) =EF
1 CONTINUE

’
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SURECUTINE RINIFR(R)

COMMON/ZINTGRY 1ACT (i) 2 IFLACE?)Y 4LI(7) sTSNth(ii),IhCLC(?),
LKEYAT) JLEVIZ,14) LLS(T) 1 IR 10200, 7) 5 IA(7 ) 2 1WC200,7) ,NAME (30)
GOMMON/REELZ AL 1) 28103,1C,10) yC1010,10,10) 2ASUT7,10),
1P5(2,10410) 2L 011,510,10) ,FLIP(11,2),57((111,ACEL1&(7),
SBNELTA(3) ,C2:LTA s CUT (11,1 0) ,Y(iﬁﬂ),YU(ZDD),PUNSH,SIGPA

CATA LSFEQ/Z721177/

LOW=FLIM{K,1)
HIGH = FLIM(K,2)
ST=STO(K)
GO TO (1,1,1,1,1;1;1,8,9,10,11),K
RETURN
Mi=5 .
M2=¢ °
IC=1
GO TO a0
9 ML=y
24
vea 2
I oan
10 ML-~¢
M2=7
IC=3
€0 Li=LI(ML)
L2=L1(M2)
00 81 I=g,t1
00 81 uU=1,L2
DO 82 1I=1,1400
EF=FNORM(ST,LSEFD)
IF(EF.LT.LOH-OR.EF.G].hIGF)EC TQ @2
GO TO 95
82 CONTINUE
PRINT 108,K
1U1l FORMNAT (= FAILUKE TC SzLecs RANCCY FACTCR IN RINTZR FQP K=%,18)
PTTULN
95 BI(1C,I,J4)=EF
81 CONTIMLE
RZ TURN
11 L1=L1(s)
L2=LI(8)
LE=LTIC?)
0D g I-1,01
{1y vy J"t,‘.l‘
{n 9y WKL) g8
D0 22 1I=1,1J0
EF=2NORMIST,L e D)
IF(tFQLrlLONO()-“C L-"'.l.f.HIf-f‘)CO TO 92
GO 10 93
92 COLTINUE
PRINT 104,K
PFZTURH *
93 01€1,.0,4%K) ==F
90 COMNIINUE

Q@© ps

61

LA 23

#




Py

L2

[ B

L.,

w -~ o +&

9

10

. TTEN

- e e aaas emmma s s o

RETURN
END

SUBROUTINE AMEAN(L,FML, FMS)

COMMON/ZINTGR? IACTU7) HIFLAC(?) LLIC7) L ISw,IN{11), INCLECT),
LKEY A7) JLEVEZ,00) 4LSUT) o Tv10200,2),IA07 ) ,10(2C0y7)sNAVELRD)
COMMON/ZRENLZ AT(T,10) HEICS,10,10) H,CI(10,10,10) ,AS(7,10),
1OSCS,80s20) »USCLG,10,48) HFLIMC1L,2).5TU(11),ACELTA(D),
2BOELTA(I) HCOELTA ,CUTUt10,1C0) ,Y1100),Y00ZN0) JPUNSH,SIGMA

CHANGES IN MEAN CUE TC MAIN EFFECTS

FuS=FMU

CO 1 I=1,7
LL=IACT(I)

GO TO (2,1),4LL
Il= IN(L,I)
FMS=FMS¢AI(I,II)
CONTINUE

CHANGES IN MEAN DLE 710 1ST CRLER INTEFACTIONS

00 3 Is5,6

TtuaTe)

00 3 Jall,?
IFCI®J=35)4,5,5

IJ=1

GO TO 7

IJ=2

60 TO0 7

IJ=3

IF (TACTCIN*IACT(J)~2)8,3,3
L1=IR{L, I)
L2=2In{L,Jd)
FMSFMSedT(TJ,L15L2)
CONTINUE

CHANGES IN MEAN GUE 1C ZhC CRC&R INTERACTICNE

IF CIACYA(B)Y R TALT (2)*1IPCT(7)~2) G,10,10 . N
L13IW(Ly5)

L22IW(LyB)

L3I=TH(L,?)

FMS=I'T™MSHCTI(L1,L.2,4,L3)

RETURN

END

SUNRDUTINE CUTPUT(NSYZNFLN,FML,FMES)

COMAON/ZINTGRZ TACT(T) S IELACHLT) HUIC2) , ISW,INCLL), INCLECT),
IKEY(7) JLEVIZy10) ,LSU7) oIwd200,i),1A07 ) ,INCZC0,7) NAMELRD)
COMMON/REELZ AT(7,10) SEIL3,4G,10) ,CL10,10,10) ,AS517,10),

LS T3,00510) sUS1N,340,40) ,FLIN(11,2) 570011, TELTART),
SHOLLTAI) HCUFLTA HJCLTC1L,1C0) ,YQ1U0),YE(Z00) JPUNTh,STCHMA
CINENSION ICOOL(84)

DATA IASK/LH®/,LRLANK/ZAF /Z,1FLUS/Z1HAZ,PUNZIHPUNY

eyt s
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73
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84
c
®
. 101
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¢ 80
o]
L a6
5 103
_’
) a7
-
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- 192
60
)

PUMCH GSTSMENT FOR GEMERATEN CATA

IF (PUNSHNE,PUN) (C TO 999
00 71 J=i,840
iceng () =1o91LLUs

PUNTH T..,(ICODE(V),.F!.,&[)
FORMAT (ADAY)

PUNCH 7249 (NAMELT),I =1,80)
PUMCH 73,4NST

FORMAT (I1)

PUNCH 70, (YD(L), (Tk1(L,u)sd=1,7)yL=1,NRUN)
FORMAT ( (F10.4,7I4))
CONTINUE

OUTPUT SEGMENT FCR GENERATEL LATAS TwO COFIES

PRIMT RUN IDENTIFIFF SECTICH
po ag Iq=1’ad

IF (NAMI(IB) NE. IBLANK) CGC TC 82
CONTINUE

In=1

00 83 I=1,340

IE=01-1I

IF (NAMEC(IE).NE.IELANK) GO TC 84
CONTINUE

IE=80

IE=IE¢y

PROVIDE TWO COFIES

DO €L K=1,?

PRINT 101

FORMAT (1iH1)

Do Re I=1,A84

ICCLECT) =IBLANK

DD a6 (=18, I<

ICOTE(I) =TASK

PRINI 103, (I200F (1) 9121,54)
FORMAT (31X, 84A1)

N0 87 I=1,34%

ICOCE (1) =T8LANK

ICOC2013) =TASK

ITOnEeIZ)=TASK

FRINT 103, (ICOLE (1) 41=1,4t0)

0 a8 [=21,30

IRt Ce €I 2) =NAM: (1)

InuLEUIy, =

ICLE0L7)Y =TASK

PRIUT G NSTL(IC0CL (1) y121,8Y)
FORMAT (1H 4 3X,*STULENT MUMEERY,16,5X%,24A1)
CO 432 JT=1l,44

ICNLECT) = TOLAMNK

ICN e (i) =T4a3K

ICGOLECIF) =TASK

PRIKT 193, (ICORECL) o121,€4)

DO G3 T=13,1:2

TCOLL(T) =IASK

PRINT 1353,{I00CY (1) ,1=4,€4)
BAINT 132

FORMAT (/777)

PRINT 69

FCRMAT (+5Xy*FACT IR LEVELS*y/712X,¥03SERVATICN

e A .,
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€1
3qu4
Ju2

301
4

66

&7
530

531

21

23
HJ32

eh
H43
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3 4
DO 61 L=1,NRUN
PRINT &2, LaYDEL) , (1L, ) ,021,7)
FORMATY (6XyI4,F10abp?2(I8,2X))
CONTINUR
IF(FUNSW.NELPUN) GO 1C 22
PRINT 3090
FORMAT (41HU,*PUNGHEC CUTHUT SFECIFIELH)
G0 YO 64
PRINT 304
FORMAT (LHQ,*NO FUNCMEL (UTFLTY)
CONTINUE

{3

6 T%,77)

PRINT FACTORS USEC INCLULING ThCSF GENERATEC 8Y MCCEL

IFCISH.EQ.0) GO TC €7

FORMAT (1H0,5X,*FACTCRS USEC €Y MCCCL IF CIFFERENT®)
PRINT 65

PRINT 60

00 €6 L=1,NRUN .
PRINT 624L,Y(L) ) (Th(LyJd)5d21,7)

ISW=0

PRINT INSTRUCTOR OATA: FACTCRS INVGLVECD
PRINT &30

FORMAT (// 45X, *INSTRLCTCR IMNPLT , FACTCRS INVCLVELD*,//)
PRINT 834

FORMAT (5X,* FACTOR FCTIVE TYFE NCe. LEVELS
00 29 J=i,7?

I=IACT (J)

GO TO (21,22),1

I2IFLAG(L)

GO TGO (23,24),1

PRINT 6325 J,LT ()

FORMAT (40X, T1,4X,* YES FIXED *#,E¥,12)
L0 TO 20

PRINT 6533,.,L1¢J)

FORMAT (LuXyliybX,* Yo
60 TO 20

PRINT &34,

FORMAT (10/\,1'1,14)(,“ MNCW)
o 10 20

CONT INUE

RANGCM *,€X,12)

PRINT STUDENT OATA, FACTLRG USES

PRINT 535
FORMAT { /7,5X,%STUCENT INFLY , FACTCRS USECH,//)
PRINT 436 )

FORMAT (5X,* FACTOR USEC TYFC NCs LEVELS

LLEVELS USEN*,2)

DU TB JJI)?
1=INCLCCJ)
GO TO (26,27),1

I=KEY(J)
G TO (28,29 ,1 .
MalS{J)
PRINT 537, )y LS00y (LEV L, K) yr=1,M)
CHIRMAT (L0 L1, hX % Yt S FISSE T8, 10,6K,101%)
6N T0 2%

7))

s )
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5133

7
5139
25

34
540

550

581

L}

562
40

583

- e - c D 8% e -t

H=L S

PRINT 533, 0,LSCUY 3 (LEV(L X)) ,X=1 ,M)

FOEMAT (LUX,I1,4%,* YES RINCCM * ,EX,125€X,101%)

o 1O 5

PRINT 839 ,J

FOOMAT (10X, Tl ¢y NO®)

GO TQ 25

CONTINUE

PRINT SL),;FMUyFMSS

FORVAT (7,54, 0/ERALL AVERECE® /27,1 (X,*INSTRLCTICR VALLE*,F10.2,

17510Xy*STUDENT VALUE *9F1leis27)

PRINT INSTRUGCTOK INFLTY, eAI* MAIN EFFECTS

PRINT S50

FORMAT (SX,*INSTRUCTCR INPUT#,/,5X,*BLCCKING ANC MAIN EFFECTS*,//)
FRINT 551

FOFMAT (5X,+* FACTOQOR NGe LEVELS TRT. EFFECTSY,2/)
D0 40 I=1,7

K=I4CT (I)

GO TO (41,40),K

ML=LICD)

FRINT 552,141, (A1(T,4)yd=1,M1)

FORMAT (10X,11,10%,12,3%,10F3,3)

CONTINUE

PRINT INSTRUCTOR INFUT, +8I¢ TWO-WAY INTERACTIONS

PRINT 553

FORMAT (/75X * INSTRUCTCR INPLTY/5X ¥ ThO WAY INTERACTION EFFECTS?)
0D 42 I1=5,tb

IT=11+1

D) w2 I2:11,7 .
IFCTAGTUTLY *TACT (I2) =20 4Byhs 442
IFCI1*12~25)43,44,45

IJ=1

G0 TO 46

14=2

GO TO 46

1J=3

ML=LI(I1)

M2=Li(12)

PRINT 554,141,112

FONMMAT(IHN g # 30NS-FACTCR® 3 15,7 95Xy *COLUMNSFACTCRY,16,77)
PRINT 555

FOrHAT (BX,® I 0W ThTe CFFECTS+,7/)
D0 47 I=1,.M1

FRINT ‘5'56,1’(”:(IJ,I,J’,J"l,Hz’

FORVAT [IXegJI1y95¢,10F8.d)

COMNTINUL

2 CONTINUE

PRINT INSTRUGCTOR IMFLY, *CT¢ THREE-WAY INTERACTICH

PRINT 557

FAOFMAT (775" TNSTEHILTCTCR TMSLT*,/,58%,%3-0AY INTERACTICN EFFECTSY)
IFCIACTUS) Y IACTIRIY INC T/ )=2) 50,533,523

HL=LT(D)

M2 2LT(G)

MILIUD)
D0 5¢ T=1yM1

“e o - 4 aea e e carbems maem te sasas - by
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FRINT 588,1
558 FORMAT (LHO,*LEVEL CF FACTCR § [S%,15,//)
o PRINT 559
559 FORMAT (5X,* FACTCR € NG, LEVELS IRT. EFFECTIS®,/,
15X s *  LEVEL FACTCR 74,77)
o D0 52 Jni, M2
PRINT Eﬁu,J,MB,(CI(I,J,K),Kti,na)
560 FORMAT (9XyIdplUX,T1,10X,10F8438)
L &2 CONTINUT
£3 CONTINUE
PRINT Gi1,SIGMA
9 564 FORMAT (LHO,5X,*SIGFA 3 *,F10.%)

P c QUTRUT MAIN EFFECTS11AS* TAGLE

00 19 121,10
20 19 J21,10
| OUT (1, 002040
y 19 CONTINUE
p O 4 1=1,7
( K=IACT(I)
GO TO (2,1) ¥
2 ML=LS(D)
N0 1 J=i,yM1
KL2LEV (L, )
c OUT (I, K1) =AS(I,d)
1 CONTINUE
PRINT 504
501 FORMAT (1HOGX,*PLOCKING EFFECTS ANC MAIN EFFECTS®,//,% INCREMEN
< LTAL ADJUSTED TREATMENT EFFECTS®4///)
PRINT 502
N 502 FCORMAT (#+ LEVELY,
N RV AY FACTOR 1 2 2 4 5 €
P 1 7 8 9 104)
" D0 3 I=t,?
_ PRINT 503,1s(0UT (T9udypd=1y1()
{: 503 FORMAT (7X12,4X,10F8¢4)

" 3 CONTINUE
. RCTURN
. ENO
0
’0 FUNCTION RNNINSEEDR)
DATA K/Z3051472570125/7)SCALE/0,3E02713€E~14/
NSECO=NSEEO*K
0 RND=FLOAT (NSEED) #SCALE
RE TURN
ENC
9
» FUNGTION FNORM(TTICHA,ZNSEEN)
C COAPUTES MORMAL DY YIATES W1IW MEAL 2ERC AND STANCARC CEVIATICN SIGHA
DATA K/0/9THOP]/G,2832¢/
® 1¥ (KsEQe4)G0 TO 1
K= ,
. . FACT{=SQRT (~2, U*ALOG(RNC (NSEEL)))
FACT2=TWOPI*RNNINSEED)
e 7=FACTI*SINIFACTZ)
GO TO 2
L
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1 K=90
2=FACTI*ONSIFALTZ)
2 FHGHEM=Z2%310MA
RETURN
ENQ




APPENDIX C

SAMPLE INPUT LISTING

The standard deviation for the error component was set to zero

for this sample experiment so that one may reconstruct each
observation from the various increment affects which are included in

order to check the execution of the STEXSIM model,
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APPENDIX D

SAMPLE STEXSTM OUTPUT

1. Output for student
2. Output for instructor
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APPENDIX E

INPUT FOR EXPERIMENTS CONDUCTED

In order to conserve space only the first five observation
specifications are included for each of the 30 experiments. The
remaining observations are identical in format. The exact numerical
value for each can be obtained from the corresponding output listing
of Appendix F. The instructor's model and student's design otherwise
are exactly as when the experiments were conducted.
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FILMED FROM BEST AVAILABLE COPY

APPENDIX F

STUDENT OUTPUT FOR EACH OF EXPERIMENTS

In order to present more information to the reader without
increasing the number of pages in this report, the output included in
this Appendix is that printed for the instructor. Everything after
the phrase PUNCHED OUTPUT SPECIFIED would not be printed on the
student's copy. The reader in this way can see a portion of the
instructor's output whenever the listing of observations terminate

above the end of a particular sheet.
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APPENDIX G

ANALYSIS OF VARIANCE RESULTS

On each printout variables are numbered sequentially from 1
by the BMDO2V program. The factors to which esch correspond are
written on the sheet.

B e b

The common scheme for indicating significance is adhered to.
A single * denotes an effect significant at the = 0.05 level while
a double ** indicates significance at o = 0.0l.
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